Objectives: To determine the association between intraoperative/presurgical grade of tricuspid regurgitation (TR) and mortality, and to determine whether surgical correction of TR correlated with an increased chance of survival compared with patients with uncorrected TR.
Current American Heart Association/American College of Cardiology guidelines give a class I recommendation for surgical correction of severe TR in patients undergoing concurrent left-sided valve surgery. 4 However, uncertainty remains in relation to the appropriate management of mild and moderate TR at the time of cardiac surgery. [5] [6] [7] [8] There are only class IIa/IIb recommendations supporting surgical correction of less than severe grades of TR. This recommendation is given only in the context of left-sided valve surgery and requires the presence of additional clinical and echocardiographic metrics beyond TR severity. These guidelines are reflective of the fact that limited data exists to suggest that uncorrected mild and moderate grades of TR are independent predictors of survival after cardiac surgery and that surgical correction translates into a significant survival benefit.
Therefore, the aim of this study was to determine the association between grade of TR at the time of cardiac surgery and patient survival. In addition, we sought to determine if surgical correction of TR correlated to an increased chance of survival as compared to patients with unrepaired TR (Video 1).
METHODS

Study Population
After Institutional Review Board approval, we retrospectively reviewed the medical records of all cardiac surgical patients at the Brigham and Women's Hospital between 1990 and 2014.
Data Collection
Demographic and clinical were stored in an encrypted database. Finalized intraoperative transesophageal echocardiography (TEE) reports were obtained from an institutional database. Intraoperative pre-cardiopulmonary bypass (CPB) grade of TR (mild, moderate, or severe) was assigned based on what was recorded on the finalized TEE report. Standard practice at our institution is to assign grade of TR according to the American Society of Echocardiography guidelines for valvular regurgitation. Patients without information pertaining to the grade of TR were excluded from the study. All patients who underwent heart transplantation were excluded from the study.
Endpoint
All-cause mortality was the primary endpoint. We matched operative records from our departmental TEE database with the Partners Healthcare System Research Patient Data Registry to obtain mortality data, which were updated from the National Death Index.
Subgroup Analysis
A subgroup analysis was performed to further control for potential confounding variables not available in our original database. This subgroup included all patients with additional clinical data available for query in the Society of Thoracic Surgeons database. Patients without additional clinical data found in the Society of Thoracic Surgeons database were excluded from the subgroup analysis. Clinical data collected included body mass index, race, smoking history, history of diabetes, hypertension, hyperlipidemia, peripheral vascular disease, and urgency of operation.
Statistical Analysis
In the demographic tables, continuous variables and categorical variables are presented as mean (standard deviation) and number (%), respectively. Statistical analyses were performed in R 3.1.1 (https://www.r-project.org) using the ''survival'' package. Kaplan-Meier survival curves were compared using a 2-sided nonparametric log-rank test. All eligible patients during the study time frame with available data were included in a univariable analysis to examine the association between potential predictors and outcomes. Subsequently, a multivariable model was created that included all potential predictors. We defined the potential predictors based on a priori knowledge and decided to put all the potential predictors in the multivariable models. Mortality analyses were performed using Cox proportional hazard regression models, with follow-up as a time scale. The severe grade group did not have any outcome events after 15 years of follow-up; thus, we performed the survival analyses using the 15-year follow-up data. The same statistical analysis was then repeated in the aforementioned subgroup population. To determine the association between tricuspid valve (TV) surgery and mortality, we created a matching subset derived from the entire patient population, matching patients for exact TR grade, exact age category, exact left and right ventricular function, and exact year category (Table E1) . A Cox proportional hazard regression model with the matching variables as strata was used to determine the association between TV surgery and mortality. The proportional hazards assumption was validated by a goodness-of-test based on scaled Schoenfeld residuals. We stratified by variables for which the proportional hazards assumption did not hold. The discrimination power of Cox proportional hazard regression models were evaluated using the c-statistic. For all analyses, a 2-sided P value<.05 was considered statistically significant.
RESULTS
A total of 23,685 patients underwent cardiac surgery during the study period. TR was present in 32% of the population ( Table 1 ). The mean age of the patient population was 66 years, with males representing 64% of the cohort. Additional baseline characteristics are displayed in Table E2 . VIDEO Table 2) .
After adjusting for significant confounders (sex, year of operation, age, left and right ventricular function, and type of surgery), the moderate and severe TR groups continued to demonstrate significantly increased risk of mortality (moderate: HR, 1.24; 95% CI, 1.1-1.4; P <.0001; severe: HR, 2.02; 95% CI, 1.57-2.6; P<.0001). The mild TR group displayed a trend toward increased mortality (HR, 1.07; 95% CI, 0.99-1.16; P ¼ .075) ( Table 3) .
Subgroup Analysis
The subgroup analysis of patients with additional clinical data available included 11,336 patients (Tables 4 and E3 ). In the univariable analysis, all grades of TR continued to be associated with a significantly increased risk of mortality in a stepwise manner (mild: HR, 1.45; 95% CI, 1.33-1.59; P < .0001; moderate: HR, 2.0; 95% CI, 1.78-2.25; P < .0001; severe: HR, 2.79; 95% CI, 2.37-3.28; P <.0001). Moderate and severe TR continued to demonstrate a significantly increased risk of mortality in the multivariable analysis adjusted for confounders (moderate: HR, 1.37; 95% CI, 1.14-1.63; P < .0001; severe: HR, 2.29; 95% CI, 1.61-3.26; P < .0001) ( Table 5 ). The mild TR group displayed a trend toward increased mortality (HR, 1.11; 95% CI, 1-1.1.25; P ¼ .06) ( Table 5 ). The risk of mortality associated with severe TR (2.79) was greater than any for other variable included in the analysis.
Tricuspid Valve Surgery
In the entire cohort of patients, TV surgery was associated with a significantly increased risk of mortality (HR, 1.38; 95% CI, 1.24-1.53; P <.0001). However, after matching for grade of TR and adjusting for age, LV and RV function, operation year, and sex, TV surgery was associated with a significantly increased likelihood of survival (HR, 0.74; 95% CI, 0.61-0.91; P ¼ .004) compared with those who did not (Table 6) . A Kaplan-Meier survival curve demonstrated a robust relationship between TV surgery and survival ( Figure 2 ).
DISCUSSION
TR is commonly found in the general population and has a reported prevalence of up to 18.4% for a grade of mild or greater. 9 Echocardiographic evidence of TR was present in >30% of the 20,713 cardiac surgery patients included in our study. Understanding the prognostic implication of a risk factor as prevalent as TR is important for counseling patients and guiding management decisions.
Despite its prevalence in the cardiac surgery patient population, the significance of TR has been historically overlooked, owing to the theory that TR resolves after correction of left heart pathology. 10 However, evidence suggests that TR often persists despite correction of left heart pathology. Even mild degrees of TR may progress to become severe over time. [11] [12] [13] [14] [15] [16] Unfortunately, both significant uncorrected TR and reoperation for TR are associated with increased mortality. 11, [17] [18] [19] [20] Consequently, several authors have suggested that in the context of left-sided valve surgery, surgical correction of mild and moderate TR may be considered to prevent future progression. 11, 14, 16, 21, 22 The most recent American Heart Association/American College of Cardiology guidelines have evolved to include indications for surgical intervention on the TV for less than severe grades of TR. However, surgery for mild and moderate degrees of TR are indicated only if the patient is already undergoing left-sided valve surgery and there is evidence of tricuspid annular dilation, pulmonary hypertension, or right heart failure, which may be risk factors for the progression of mild and moderate TR. 14, 16, 23 If the aforementioned criteria are met, then the guidelines give only a class IIa/b indication and cite a limited body of evidence (level B/C). This has fueled continued debate, uncertainty, and further investigation.
Our retrospective study including more than 20,000 patients spanning a 24-year period demonstrates that TR assessed at the time of cardiac surgery confers an increased risk of mortality. This important correlation was found to be independent of multiple known confounding variables, including age, LV or RV function, and type of surgery. Most importantly, even moderate TR was associated with a significantly increased risk of mortality. Although mild TR showed a trend toward increased mortality, the increase was not statistically significant.
Tricuspid annuloplasty in the setting of left-sided valve surgery may not carry an additional risk of morbidity or mortality. 24 However, evidence that surgical correction of less than severe TR at the time of left heart surgery significantly improves survival is limited, and the results are conflicting. 14, 25, 26 In our study, before adjusting for confounding variables, TV surgery was associated with a significantly increased risk of mortality; however, A particular feature of this study is its reinforcement that the TEE assessment of TR at the time of cardiac surgery is an important and relevant measure. Although there may be uncertainty regarding the most relevant and accurate echocardiographic metrics, this cohort suggests that intraoperative presurgical intervention quantification of TR severity according to American Society of Echocardiography guidelines is essential and has the potential to impact surgical planning and patient outcomes.
Limitations
Despite the large sample size and extensive study period, this study was a retrospective analysis of prospectively collected data and is subject to the limitations of this type of study. Our results may support the growing body of evidence that TR is not a benign disease, but meaningful changes to clinical practice or guidelines have historically been the most influenced by randomized controlled trials and meta-analysis. We point out that we included patients undergoing various cardiac surgical procedures, including coronary artery bypass grafting, whereas much of the discussion regarding TR is in the context of mitral or aortic valve surgery. In addition, we did not distinguish between TV replacement and repair.
Although we adjusted for many factors known to influence survival in cardiac surgery, the possibility exists of unknown confounders or of a historical bias effect despite adjusting for the year of surgery. Of note, we did not consider the presence of pulmonary hypertension or tricuspid annular dilation, which are criteria for intervention in mild and moderate grades of TR. It should also be pointed out, however, that echocardiographic measurement of the tricuspid annulus has inherent limitations and often differs from direct measurement by the surgeon. Moreover, TR can progress in severity despite the absence of annular dilation.
We recognize that this study used assessment of TR severity determined by intraoperative TEE. Surgical planning is often based on transthoracic imaging, because assessment of valve regurgitation under general anesthesia may differ owing to altered physiological conditions under general anesthesia. Further study is warranted to compare the preoperative grade of TR assessed by TEE under general anesthesia with the preoperative grade of TR assessed by transthoracic echocardiography under baseline physiological conditions and their respective relationships with operative mortality.
It is also possible that the severity of TR is actually a more sensitive surrogate for an underlying pathological condition that is the true cause of increased long-term mortality. Right ventricular dysfunction is one such potential etiology, causing both TR and worse postoperative outcomes. After controlling for both left and right ventricular dysfunction, however, the observed relationship between TR and mortality remained significant.
Finally, in this study, the grade of TR was based on the pre-CPB TEE rather than on the post-CPB assessment at the completion of surgery, and did not include follow-up evaluations of TR severity. It is possible that the severity of TR was reduced postoperatively as a result of TV surgery or right ventricular remodeling. Despite this potential confounder, our comprehensive follow-up suggests that patient mortality remained significantly associated with intraoperative, pre-CPB-determined TR severity.
CONCLUSIONS
In this large cohort of cardiac surgical patients, we have shown a robust relationship between grade of TR assessed by intraoperative TEE before surgical intervention and long-term mortality. This relationship remained even after controlling for known confounding variables. An important finding is that even a moderate grade of TR was associated with significantly increased long-term mortality.
Furthermore, our data demonstrate improved survival in patients who underwent TV surgery for all grades of TR compared with those who did not undergo surgical correction of TR. Going forward, randomized controlled trials are warranted to demonstrate a significant long-term survival benefit after surgical repair of TR of less than severe grade. Matching data used in the TV surgery versus no TV surgery analysis are displayed in Table 6 . TR, Tricuspid regurgitation; TV, tricuspid valve. 
